As part of an investigation of the growth of tomato plants supplied with either nitrate or ammonium nitrogen (6), leaves were assayed for NAD4 and NADP.
Materials
NADP and NAD were purchased from C. F. Boehringer and Soehne, Mannheim; both compounds were of 80 % purity by enzymic assay. Isocitric dehydrogenase was prepared from pig heart after the method of Graflin and Ochoa (5) ; the ammonium sulphate fraction obtained between 0.5 and 0.6 saturation was dissolved in 0.04 M sodium potassium phosphate buffer (pH 7.4), dialysed against the same buffer for about eight hours at 0 C and subsequently stored at -15 C. Alcohol dehydrogenase was used as 1 % aqueous solution of the crystalline enzyme obtained from C. F. Boehringer and Soehne, Mannheim Immediately after harvesting tomato leaf laminae (5-10 g) were homogenised in a M.S.E. homogeniser (top drive homogeniser for macerating small quantities of material up to a maximum speed of 14,000 rpm) for 5 minutes in a mixture of 25 ml 4.8 % TCA and 5 ml 30 % hydrogen peroxide (4). The suspension was centrifuged at 12,000 X g for 15 minutes. The precipitate was re-extracted twice with 15 ml of the TCA and hydrogen peroxide extraction mixture. The combined supernatants were filtered through muslin and centrifuged at 15,000 X g for 30 minutes. The supernatant was poured onto a 10 X 1.5 cm column of Nuchar C charcoal prepared by the method of Le Page and Mueller (7) and washed with 100 ml 4 % TCA. After adsorption the column was washed with 75 ml 4 % TCA followed by 75 ml H2O. Elution was carried out with 40 ml 10 % aqueous pyridine. The pyridine was removed by extracting the eluate three times with 40 ml chloroform. The solution was adjusted to pH 3.5 by adding 5 % NaOH and then freeze dried. The solid residue was dissolved in water and made up to 5 ml. Samples (0.1 ml) of this extract were used for analysis of NAD and NADP. 0 Assay Procedure. The procedure was essentially that of Ciotti and Kaplan (3) in which the oxidised forms of NAD and NADP react with methyl ethyl ketone in alkaline solution followed by acidification to yield a fluorescent product. To measure the fluorescence due to NAD and NADP separate samples of the extract were first treated with either alcohol dehydrogenase or isocitric dehydrogenase as the reduced forms of NAD and NADP do not yield a fluorescent product in the reaction with methyl ethyl ketone. All fluorimetric measurements were made with an Eel fluorimeter using a 622 filter with a peak trans- G. 0.1 nil extract, 10 imunioles NADP after reaction with isocitric dehydrogenase. Each 1.0 nil extract sample was mixed with 0.2 ml 0.2 milA MnCL, in methyl ethyl ketone and 0.6 ml 3.5 N NaOH. After 5 minutes incubation at room teniperature, 6.2 ml 0.4 N HCl was added and the mixture was heated for 5 minutes in a boiling water bath. After cooling, the niixture was read in a fluorimeter.
Blank saniples omitting sodium hydroxide were prepared by mixing 1.0 ml aqueous extract with 0.2 ml 0.2 M MnCl. in niethyl ethyl ketone. After 5 minutes incubation at rooni teniperature, 1.0 nil 0.4 N HCl was added and the total volume made up to 8.0 ml with H2O. The niixture was heated in a boiling water bath for 5 minutes, cooled, and read in a fluorimeter.
Similar readings were obtained for extracts with or without added NAD or NADP after the action of alcohol dehydrogenase or isocitric dehydrogenase followed by treatment with methyl ethyl ketone showing that all the NAD and NADP was reduced and decomposed in the reaction. Subsequently this provided a convenient check on the activity of the two enzynies. Internal standards were used with each extract as some quenching of fluorescence was observed on the addition of the leaf extract to standard NAD and NADP solutions. NAD (5 & 10 m4moles) was added to the samples of extract being analysed and the levels of NAD and NADP present in the extract were determined by measuring the decrease in fluorescence when separate samples were first treated with alcohol dehydrogenase or isocitric dehydrogenase. The blank samples gave no fluorescence and therefore water was used as a blank in later analyses. Using this procedure it was possible to measure concentrations of 1 X 10-7 M NAD or NADP. Attempts to reduce the purification steps in the extraction procedure were unsuccessful as incomplete reduction of NAD was observed if the extracts were not purified by treatment with Nuchar C.
Results
The validity of the method was tested by recovery experiments with added NAD and NADP. Tomato leaf laminae (60 g) were homogenised in 180 ml TCA-hydrogen peroxide mixture and the suspension was divided into six equal parts. Known amounts of NAD and NADP were added to each of the samples. The samples were subjected to the extraction and assay procedures described above (table I) . 
